Abstract-Hypoxia is an important factor in the macrophages microenvironment. Many physiological and pathological processes including solid tumor development are characterized by both low oxygen content and presence of macrophages. Tumor-associated hypoxia causes alternative polarization of macrophages in tumor tissue and transformation of these cells into the allies of a malignant neoplasm. The aim of the work was to investigate the effect of NSC631570, a cancer selective drug that is known to selectively accumulate in the tumor tissue, on hypoxic macrophage function. Murine peritoneal macrophages (PMs) were subjected to hypoxia (3% O 2 ). Nitrite level was assayed by the Griess reaction. Arginase activity was measured by colo rimetric method. ROS generation and phagocytosis was estimated by flow cytometry.
INTRODUCTION
Phenotypic and functional heterogeneity is the dis tinctive feature of macrophages. It is mediated both by the tissue microenvironment and by natural activating stimuli. The plasticity of macrophages can be repre sented by two extremes in their activation profile, M1 ("classical") and M2 ("alternative") activation [1, 2] . The M1 profile is induced by IFN γ and microbial products and primarily exhibits microbicidal activity and a pro-inflammatory phenotype [3, 4] . In total, such macrophage activation leads to development of the inflammatory process and to induction of the Th1 type immune response [2, 5] . M2 macrophages (induced by IL 4, IL 13, IL 10, TGFβ, glucocorti coid hormones etc.) are characterized by anti-inflam matory properties [6, 7] . The alternative macrophage activation leads to development of the Th2 type immune response. They are better adapted to scaveng ing of debris, promoting angiogenesis, and repairing 1 The article is published in the original. and remodeling of wounded/damaged tissues. Such macrophages practically lose cytotoxic activity [8, 9] . In spite of the MHCII-molecule formation, they are not able to complete antigen-presentation [1, 2, 6] . Instead of this, such cells accomplish the functions of regulatory cells [10, 11] . The classic and alternative activation of macrophages leads to distinctly directed arginine metabolism. During the classic activation, the inducible nitric oxide synthase (iNOS) metabo lizes arginine with NO formation, whereas, during the alternative activation, the Arg 1 arginase enzyme is synthesized which polymerizes arginine to urea and ornithine (a precursor of polyamines and proline) [12, 13] . Increased arginase activity is considered as a marker of immunosupressive macrophages [14] . An additional criteria of functional polarization of mac rophages are the production of reactive oxygen species (ROS) and phagocytic activity. It is admitted that over-expression of receptors involved in phagocytosis: CD163 and CD206 are the markers of alternatively polarized macrophages. Scavenger expressed almost exclusively on circulating monocytes and on tissue macrophages, has been recognized as a valuable specific macrophage marker. Tolerogenic macrophages and dendritic cells display higher levels of the mannose receptor (CD206) which is another scavenger. The function of CD209 is to recognize complex carbohydrates located on glycoproteins that take part in a variety of different biological processes. Some of those processes include cell-cell recognition, serum glycoprotein metabolism and neutralization of pathogens. This protein also functions as a type 1 membrane immune receptor that mediates endocyto sis of glycoproteins by macrophages. In addition to such receptor function, CD163 and CD206 seem to be involved in performing anti-inflammatory functions which are believed to be predominantly associated with M2 macrophages [15] . ROS generation is a marker of cytotoxic macrophage activity, characteris tic for M1 macrophages. Besides, ROS are important regulatory molecules and may influence metabolism of a number of pro-inflammatory molecules includ ing iNOS and danger associated molecular patterns (DAMP) [16] .
Hypoxia is an important factor in the macrophage microenvironment. Many physiological and patho logical processes (e.g., inflammation, wound healing, acute myocardial infarction, retinopathies, athero sclerosis, solid tumors and more) are characterized by both low oxygen tension (hypoxia) and presence of macrophages. Hypoxia influences different modes of macrophage activation and regulates the shift between them. Macrophages are central participants in hypoxia-driven processes, and the mediators they express and secrete recruit other cells and orchestrate their activity. The role of macrophages and the effects hypoxia exerts on them were studied mostly in solid tumors. Such attention is stipulated by an essential role of tumor-associated macrophages in tumor biol ogy [17] . Macrophages are important effector cells in antitumor immunity [18, 19] . Activated macrophages can infiltrate tumors, express the inducible NOS2, and produce NO, which kills tumor cells [20, 21] . How ever, presence of macrophages in neoplastic tissue can also lead to their alternative polarization and transfor mation into the cells-allies of a malignant neoplasm. Such tumor-associated macrophages (TAMs) can promote tumor angiogenesis, facilitate tumor cell invasion, and provide an immunosuppressive tumor microenvironment [18, 22] . TAM activity is therefore likely to be complex and may be influenced by microenvironmental factors, such as cytokines and growth factors produced by tumor cells. Interestingly, TAMs migrate towards and accumulate in hypoxic tumor domains. When exposed to hypoxia, macrophages alter their metabolism implying that tumor hypoxia has a profound influence on TAM functions [23] .
NSC-631570 (Ukrain) is a thiophosphoric acid derivative of alkaloids from greater celandine. It exerts cytotoxic and cytostatic effects on cancer cells due to its ability to be selectively accumulated in tumor tissue and activate apoptosis only in malignant cells and not in normal cells [24] [25] [26] [27] . This selective uptake of NSC631570 in the cancer cells has been confirmed due to its autofluorescence under UV light. Dorosh enko et al. [28] determined the blood plasma and tis sue concentrations of the main fluorescent compo nent of free Ukrain after a single intravenous injection of this substance (0.25 mg/kg) to carcinosarcoma W 256 bearing rats. W 256 tumor tissue was the only tissue that showed accumulation of Ukrain (its con centration at 45 min after injection was up to 2.84 fold higher than that in the blood plasma). Authors sug gested that the preparation penetrates into tumor tis sue either by active transport or by a favored diffusion. ULA DC test (UV light excitation and results analysis with the use of AlphaDigiDoc software) revealed that tumor cells consumed much more drug than nonmalignant cells [29] . The mechanisms of selective accumulation of the preparation in tumor cells have not yet been fully investigated and understood. Being selectively accumulated in a tumor tissue the prepara tion can influence TAM function, as TAMs are reported to form about 80% of the total stromal leuco cyte population in solid tumors [14] . In addition, Korolenko et al. [30, 31] have shown that NSC 631570 can influence macrophage migration and cause influx of macrophages into the site of its injection and into the tumor growth area after intravenous administra tion. In our previous investigation we have also observed the ability of the preparation to effect mono cyte/macrophage migration [32] . A growing number of studies have described modulating effect of NSC 631570 on macrophage function [33] [34] [35] . The prepa ration stimulates lysosome phagosome fusion and increases the content of polymerized fibrillar form of actin in intact mouse peritoneal macrophages [34] . NSC 631570 used alone or in combination with IFN gamma increases cytotoxicity of non-sensitized mouse peritoneal macrophages and restores the defec tive cytotoxic response of peritoneal macrophages of tumor-bearing mice in vitro [35] .
The aim of the present work was to investigate the effect of NSC 631570 on functional polarization of murine peritoneal macrophages (PMs) exposed to hypoxia in vitro.
MATERIALS AND METHODS
Isolation and culture of murine PMs. Murine PMs were isolated without preliminary stimulation. Intact mice (male, 8 to 10 weeks old, bred in the vivarium of the Educational and Scientific Center "Institute of Biology" of Taras Shevchenko National University of Kyiv, Ukraine) were sacrificed and PMs were har vested using phosphate buffered saline containing 100 U/mL of heparin. Cells were centrifuged at 300 g for 5 min at 4°C, washed twice with serum-free DMEM, and re suspended in DMEM containing 10% Determination of cell viability. Cell viability was determined by Trypan blue exclusion test [36] .
Macrophage cultures at different oxygen concen trations. For hypoxia induction experiments, murine PMs were subjected to either normoxia (21% O 2 ) or hypoxia (3% O 2 ) for the time periods indicated below. Normoxia was controlled by using a humidified 5% CO 2 /air incubator, and hypoxia by pregasing DMEM for 30 min in a sealed hypoxic work station with 5% CO 2 /balance N 2 gas mix and subsequent culture in a humidified hypoxic (CO 2 /N 2 ) incubator. After the incubation for indicated time period, the cells sub jected to normoxia were washed three times in a cold calcium/magnesium-free PBS and harvested. For cells incubated in hypoxic conditions, these proce dures were carried out in a chamber with a constant flow of CO 2 /N 2 gas mixture. To verify the actual oxy gen concentration in the hypoxia incubators, we used an oxygen monitor. To estimate the effect of NSC 631570 on functional polarization of PMs exposed to normoxia and hypoxia the cells were treated with NSC 631570 (Nowicky Farma, Austria) at the con centrations of 20 and 200 μg/mL for 24 h in normoxic and hypoxic conditions respectively. Media and cells were harvested after treatment with NSC-631570. Aliquots of media were sampled immediately and ana lyzed for nitrite and . Arginase activity and intrac ellular ROS were analysed in harvested cells.
Nitrite assay. Nitrite levels were used as a measure of NO released into the conditioned media of the cells under the various conditions tested. To stimulate the macrophages, lipopolysaccharide (LPS) (from Escherichia coli; Sigma Aldrich) was added to DMEM to the concentration of 100 ng/mL. After 24 h of cultiva tion, the culture supernatants were collected, and the nitrite concentration in each supernatant was assayed by the Griess reaction [37] . Briefly, equal volumes of 2% sulfanilamide in 10% phosphoric acid and 0.2% naphthylethylene diamine dihydrochloride were mixed to prepare the Griess reagent. The reagent (100 μL) was added to equal volumes of the supernatant, and the mixture was then incubated for 30 min at room tem perature in the dark. The A 550 of the formed chro mophore was measured with a plate reader. The nitrite content was calculated with sodium nitrite as a stan dard. Each sample was assayed for nitrite in triplicate. Each value was divided by the number of viable cells generation was assayed by the nitroblue tetrazolium (NBT) reduction method. In a 5% CO 2 atmosphere PMs (2 × 10 5 /well) were incubated for 1 h at 37°C in Hanks buffered saline solution containing 1 mg of NBT per ml, with or with out 10 -9 M phorbol 12-myristate 13-acetate (PMA) as a stimulator of oxidative burst. The optical density at 540 nm in each well was examined with a plate reader. Each sample was assayed for generation in triplicate, and results are presented as mean ± SD.
Determination of arginase activity. Arginase activ ity was measured in cell lysates by standard colorimet ric method with some modifications [37] . Briefly, 100 μL of 0.1% Triton X 100 and 100 μL of 50 mM Tris-HCl (pH 7.5), containing 10 mM MnCl 2 , were sequentially added to cell samples. Macrophage argin ase was then activated by heating of the mixture at 56°C for 7 min. The reaction of L arginine hydrolysis by arginase was carried out by incubation of the mix ture containing activated arginase, with 100 μL of L arginine (0.5 M; pH 9.7) at 37°C for 2 h, and was stopped by the addition of 800 μL of the mixture of acidic solution (H 2 SO 4 : H 3 PO 4 : H 2 O = 1 : 3 : 7). For colorimetric determination of urea, a isonitrosopro piophenone (40 μL, 9% solution in ethanol) was added, and the mixture was incubated at 95°C for 30 min and then at 4°C for 30 min. The urea concen tration was determined spectrophotometrically at 540 nm with the use of a microplate reader. Each con dition was tested in triplicate and the experiments were repeated at least three times. Each value was divided by the number of viable cells and expressed as urea level/h per 10 6 cells. Mean and SD were calculated with normalized values.
Intracellular ROS assay. ROS levels were measured using 2'7' dichlorodihydro fluorescein diacetate (car boxy H2DCFDA, Invitrogen), which is converted into a non-fluorescent derivative (carboxy H2DCF) by intracellular esterases [38] . Carboxy H2DCF is membrane impermeable oxidized to fluorescent derivative carboxy-DCF by intracellular ROS. After the indicated treatments, the cells were washed with PBS and incubated with PBS containing 10 μM car boxy-H2DCFDA for 20 min at 37°C. The loading buffer was then removed, and a short recovery time was allowed for the cellular esterases to hydrolyze the ace toxymethyl ester or acetate groups and render the dye responsive to oxidation. Then the cells were returned to pre warmed growth medium and incubated for 20 min at 37°C. Cells were washed twice with PBS, trypsinized, and collected in 1 ml PBS. The cells were then transferred to polystyrene tubes with cellstrainer caps (Falcon, Becton Dickinson) and ana lyzed with flow cytometry (excitation: 488 nm, emis sion: 525 nm). Only living cells, gated according to
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Phagocytosis assay. The flow cytometry phagocy tosis assay was performed as described [39] with slight modifications. Staphylococcus aureus Cowan I cells (collection of the Department of Microbiology and General Immunology of Taras Shevchenko National University of Kyiv) were grown on beef-extract agar and subsequently were heat inactivated and fluorescein isothiocyanate (FITC) labeled. Peritoneal macrophages were isolated as described above. 100 μL of the PMs sus pension at the concentration of 2 × 10 6 cells/mL was added to each tube.
The stock of FITC-labeled S. aureus at the con centration of 1 × 10 7 cells/mL in the volume of 5 μL were added to all tubes. A tube with PMs only served as a negative control. All probes were incubated at 37°C for 30 min. At the end of the assay, phagocytosis was arrested by the addition of cold stop solution (PBS with 0.02% EDTA and 0.04% paraformaldehyde). Fluorescence of phagocytes with ingested bacteria was determined by flow cytometry. The results were regis tered as the percentage of cells emitting fluorescence after a defined culture period and as phagocytosis index (PhI) that was calculated by the following formula when P pos -percent of positive cells, Gmean posmean channel fluorescence, P neg -percent of positive cells in the negative control, Gmean neg -mean chan nel fluorescence of the negative control.
ELISA assay. HMGB1 expression was determined in the cell culture supernatant using a specific anti-HMGB1 ELISA (Shino Test Corporation) following the manufacturers protocol. Briefly, 50 μL of sample diluent and 50 μL of cell culture supernatant were added to each well and incubated at 37°C for 24 h. After the incubation, the wells were washed five times with wash buffer and incubated for 2 h at 25°C with 100 of POD-conjugate solution. Then the wells were further washed five times with a washing buffer and incubated for 30 min at room temperature with sub strate solution. The reaction was stopped by adding 100 μL of stop solution to each well and the absor bance was recorded at 450 nm (the background was excluded by measuring absorbance at 570 nm) [40] .
Statistical analysis. The statistical significance of the experimental results was determined by Student's t test. Pearson's test was used to determine correlation coefficient (R2) between HMGB1 release and intrac ellular ROS generation (GraphPad Prism). For all analyses, p < 0.05 was accepted as a significant proba bility level.
RESULTS AND DISCUSSION
Arginine metabolism of macrophages cultured in normoxic and hypoxic condition depends on the time of exposure. Like other cell types, the macrophage response depends on the severity and the duration of the hypoxic exposure. Depending on these character istics, hypoxia can drive pro inflammatory or anti inflammatory functions of macrophages [41, 42] (Fig. 1a) . Nitrite was weakly pro duced by nonactivated cells, either under normoxic or hypoxic conditions. NO production by PMs was unaf fected by hypoxia after 16 h exposure (Fig. 1b) . The absence of significant arginine metabolism polariza tion was also registered after 24 h exposure (data not shown). In experiments concerning the effects of hypoxia on functional polarization of phagocytes peripheral blood monocytes or bone marrow derived monocytes (functionally immature cells) are com monly used. These cells polarize metabolism under hypoxic condition for a shorter period of time. PMs are mature tissue phagocytes with more conservative metabolism. Probably, for this reason short-time hypoxia did not effect their function significantly. Moreover functional changes in the cells after a shortterm exposure to hypoxia can fully be restored by a brief period of re oxygenation [45] . We performed all functional tests (in average for 2 h) with cells, exposed to both normoxia and hypoxia, under normoxic con ditions. Re oxygenation for this period of time can restore cellular metabolism and could be an additional reason of the absence of significant arginine metabo lism polarization after a short-time hypoxia.
More expressed polarization of arginine metabo lism of murine PMs was observed after 42 h hypoxia. Arginase activity in hypoxic cell lysates was 1.7 times higher than that in normoxic cultures. NO level in supernatants of hypoxic PMs was 1.5 times lower than that in supernatants of normoxic cells. Therefore iNOS by hypoxia, NO production is reduced by hypoxia in most cell types. Recent work suggests a prominent role for O( 2 ) substrate dependence in the short-term regulation of iNOS-mediated NO pro duction [46] . After a more prolonged hypoxia the expression pathway in the exposed cells was altered from arginase dominant to iNOS dominant. Urea level in lysates of PMs exposed to hypoxia for 72 h was 1.35 times lower than that after 42 h hypoxia. It is nec essary to point out a significant individual variability of urea levels in supernatants of PMs exposed to hypoxia for 72 h. NO level in supernatants of cells exposed to hypoxia for 72 h was more than 4 times higher than that after a 42 h hypoxia and 3.5 times higher than that in normoxic PMs. We observed that after 72 h hypoxia treatment >50% of PMs became detached from culture plates (Fig. 1d) . The viability of detached macrophages was about 20% (data not shown). The viability of the attached macrophages was >90%, which is indicative of living cells. Therefore, prolonged hypoxia proved to be severe for PMs and caused cell death. Cell death, in turn, could be the reason of the pro-inflammatory activation of these cells and, consequently, of an increase of NO production [44] . Degrossoli et al. [47] have shown that selective population of macrophages may adapt to prolonged hypoxic conditions by over coming the apoptotic signal, and exposition of mac rophages to periods of severe hypoxia results in the selection of cells with constitutively elevated NO pro duction.
PMs cultured under normoxic conditions for 72 h were attached to plates (Fig. 1c) . The viability of these cells was >80%. The level of arginase activity was 1.77 times higher than that after 42 h culturing. Mac rophage arginase activity was reported by other authors to be significantly elevated by an adaptation of these cells to stress conditions. Arginase hydrolyzes L arginine to urea and ornithine; the latter being the main intracellular source for synthesis of polyamines necessary for cell growth and survival [12, 13, 44] . In our experiments elevated arginase activity could be considered as a marker of adaptation of PMs to in vitro conditions. The level of nitrite in the probes of PMs cultured under normoxia for 72 h did not differ from that after 42 h culturing and was, as before, rather low. Taking into account the high level of cell death in PMs exposed to hypoxia for 72 h, we used only 42 h hypoxia in our further experiments.
Oxidative metabolism, phagocytosis and HMGB1 release in macrophages cultured at different oxygen con centrations. Both hypoxia and hyperoxia may favor overproduction of ROS. Significant formation of reac tive oxygen species was observed in tumor zones of inter mittent hypoxia and reperfusion. Though, prolonged severe hypoxia can decrease ROS production [16, 48] .
In our experiments we have investigated spontane ous and stimulated (with PMA) intracellular ROS for mation and extracellular generation (in NBT test) by macrophages exposed to 42 h hypoxia. The level of intracellular ROS in PMs after 42 h hypoxia was insig nificantly lower than that in the cells cultured for the same period of time under normoxic conditions (Fig. 2a) . Treatment of hypoxic cells with PMA failed to stimu late ROS production. Whereas, PMs cultured under normoxic conditions for 42 h exhibited significantly higher ROS level after stimulation with PMA. 
Extracellular
generation was also affected by hypoxia (Fig. 2b) . Spontaneous generation in PMs cultured under hypoxic condition for 42 h was 30% lower than that in the cells cultured under nor moxia. Treatment of PMs exposed to hypoxia with PMA failed to stimulate extracellular generation, whereas treatment of PMs cultured under normoxic conditions for 42 with PMA resulted in a significant stimulation of oxidative burst.
The effect of hypoxia itself on the process of phago cytosis remains largely unexplored and controversial. A number of systemic inflammatory diseases are accompanied by development of hypoxia and are asso ciated with bacterial suprainfection, raising the ques tion that phagocytosis may also be impaired in these hypoxic processes. At the same time hypoxia was found to cause the activation of intracellular signaling pathways, which themselves may regulate phagocyto sis and can enhance phagocytosis in macrophages in a HIF 1 dependent manner [49] . In our experiments we have investigated spontaneous and stimulated (with LPS) phagocytosis by PMs exposed to 42 h hypoxia and have analyzed a number of cells emitting fluorescence (phagocytic number) and phagocytosis index (see "Materials and methods").
As shown in Fig. 2c , exposure of PMs to hypoxia for 42 h had no effect on a number of phagocyting cells. In contrast, phagocytosis index of hypoxic PMs at this time point was 28% lower than that in normoxic cells (Fig. 2d) . Treatment of hypoxic PMs with LPS did not exert any significant effect on phagocytic activity and the phagocytosis intensity. At the same time, statistically significant increase of a number of phagocyting cells and phagocytosis index in response to treatment with LPS was observed in normoxic PMs.
High mobility group box 1 (HMGB1) is a ubiqui tous nuclear protein that can be released by any dam aged cell or by activated macrophages and certain other cell types. HMGB1 is a member of a subfamily of the HMG proteins. HMG proteins are constitu tively expressed in the nucleus of eukaryotic cells. Like other members of this protein family, HMGB1 plays an important role in DNA architecture and transcrip tional regulation. Extracellular HMGB1 has appar ently contrasting biological actions: it sustains inflam mation (with the possible establishment of autoimmu nity or of a self-maintaining tissue damage) while by activating and recruiting stem cells, it fosters tissue repair [49, 50] . As HMGB1 has multiple downstream signaling responses due to activation of different receptors, it also induces cell specific responses when it stimulates cells of the immune system. HMGB1 induces dendritic cells maturation as measured by the increased expression of many cell surface markers, as well as the secretion of inflammatory cytokines. Monocytes and neutrophils stimulated with HMGB1 have an increased capacity for adhesion and release numerous cytokines and inflammatory mediators.
HMGB1 is integral to oxidative stress. Release of this protein from cultured cells was found to be an active process regulated by reactive oxygen species (ROS) [51, 52] . We found that HMGB1 level in the culture supernatants of hypoxic PMs was significantly lower than that in their normoxic counterparts (Fig. 2e) . Treatment of macrophages with LPS did not effect alarmin release under normoxia but caused significant increase of HMGB1 release in hypoxic cells. Taking into account interdependence between ROS and alarmins release Pearson correlation analysis was used to determine the correlation coefficient (R2) between the concentration of HMGB1 in the cell supernatants and intracellular ROS generation in PMs exposed to 42 h hypoxia. The levels of HMGB1 in the probes of untreated hypoxic cells exhibited strong correlation (R2 = 0.94, P < 0.05) with the levels of ROS. Unlike in the probes of hypoxic cells treated with LPS, the cor relation between HMGB1 level and ROS level was absent. It indicates that the mechanisms of LPS mediated increase of HMGB1 release in hypoxic cells did not depend on intracellular ROS generation.
In our further experiments we investigated the effect of NSC631570 on functional state of PMs cul tured under normoxic and hypoxic conditions for 42 h.
NSC631570 repolarizes arginine metabolism in hypoxia exposed PMs in a dose-dependent manner. Taking into consideration the low levels of nitrite pro duction by non-activated cells we have used LPS to stimulate arginine metabolism in both normoxic and hypoxic PMs. As it was shown above, 42 h hypoxia polarized arginine metabolism of PMs to the arginase dominant. Treatment of normoxic and hypoxic cells with LPS had no effect on the arginase activity. The effect of NSC631570 on arginase activity of PMs depended on the concentration of the preparation. In our experiments we have used two concentrations of the preparation: 20 μg/mL (the minimal concentra tion apoptogenic for tumor cells) and 200 μg/mL (concentration of the preparation that causes death of 90% of tumor cells in vitro) [32] . Urea levels in lysates of hypoxic phagocytes treated with NSC631570 at the concentration of 20 μg/mL for 24 h did not differ from that in lysates of untreated hypoxic cells. Incubation of normoxic phagocytes with NSC631570 at the low concentration led to increase of arginase activity. Treatment of hypoxic PMs with NSC631570 at the concentration of 200 μg/mL resulted in decrease of arginase activity to the normoxic cell level (Fig. 3a) . Urea levels in the probes of normoxic cells treated with the drug at high concentration did not differ from that in the untreated cells. Figure 3b shows the production of nitrite by PMs. As mentioned above, the non-activated cells show low production of nitrite. For this reason, we have used LPS to stimulate NO production. Surprisingly, treat ment of PMs cultured under normoxia with LPS failed to stimulate NO production. After challenge of hypoxic cells with LPS, the nitrite production was observed to increase insignificantly. NSC631570 (20 μg/mL) did not effect nitrite production in both normoxic and hypoxic cells. The preparation at the concentration of 200 μg/mL increased NO produc tion 1.3 times in normoxic cells and about 2 times in hypoxic macrophages. Treatment of normoxic PMs with NSC631570 at the concentration of 20 μg/mL in combination with LPS resulted in significant decrease of nitrite production. In contrast, treatment of hypoxic cells with the combination of these prepara Vol. 47 No. 5 2013 tions led to increase of NO production. Culturing of normoxic macrophages with LPS in combination with NSC631570 at the high concentration had no effect on nitrite production, whereas in hypoxic cells this treatment caused significant decrease of NO level in cell supernatants.
Taking into account that NSC631570 at the con centration of 200 μg/mL exerted more expressed effect on hypoxic macrophage functional polarization than at the concentration of 20 μg/mL, we have used only high concentration of the preparation to estimate its effect on oxidative metabolism, phagocytosis and HMGB1 release.
NSC631570 modulates oxidative metabolism, phagocytic activity and alarmin release in hypoxia exposed PMs. In our previous investigation we have observed a dose-dependent modulation of oxidative metabolism of intact murine peritoneal macrophages caused by short-term (1 h) treatment with the prepa ration [data in press]. NSC631570 was found to restore cytotoxic activity of peritoneal macrophages of tumor-bearing animals in vitro after short-term incubation [35] . In the present experiment PMs cul tured under normoxia and hypoxia were treated with the preparation for 24 h. As shown in Fig. 4a , NSC631570 considerably enhanced intracellular ROS generation in hypoxic cells but did not effect signifi cantly this cha-racteristic in PMs cultured under nor moxia. Treatment of hypoxic PMs with NSC631570 in combination with PMA also resulted in substantial increase of ROS generation, whereas this treatment led to decrease of intracellular ROS generation in nor moxic cells. Effect of NSC631570 on extracellular . 3 . Effects of NSC631570 at the different concentrations on arginase activity and NO release (measured as nitrite level) by the PMs cultured under hypoxic conditions. Macrophages were cultured under normoxic (21% O 2 ) and hypoxic (3% O 2 ) conditions for 42 h. LPS was used to stimulate nitrite production. To estimate the effect of NSC 631570 on arginine metabolism of PMs exposed to normoxia and hypoxia, cells were treated with the drug at the concentrations of 20 µg/mL and 200 µg/mL for 24 h in normoxic and hypoxic condition respectively: (a) arginase activity (µmol urea/h per 10 6 cells) was measured in cell lysates as described in "Materials and methods"; (b) ehe levels of nitrite were measured by Griess assay. Nitrite level was normalized by the number of viable cells and presented as nitrite level per 10 6 cells. All the results are expressed as mean ± SD of three independent experiments. * P < 0.05 was considered significant compared to untreated hypoxic cells as analysed by unpaired Student's t test.
CYTOLOGY AND GENETICS Vol. 47 No. 5 2013 ROS production by PMs differed from that on intrac ellular ROS generation. Used alone, the preparation did not influence oxidative burst in both normoxic and hypoxic PMs. However, if used in combination with LPS, the preparation appreciably potentiated the stimulatory effect of the latter on PMs cultured under hypoxic conditions and inhibited LPS mediated stim ulation of the oxidative burst in normoxic cells. Used alone, NSC631570 exerted inhibitory effect on phagocytic activity of PMs irrespective of the con ditions of cell culturing. Moreover, the preparation decreased stimulatory effect of LPS when they were used in combination. However, the pattern of inhibi tory effect of NSC631570 on hypoxic cells differed from that on the normoxic ones. In hypoxic cells supressive effect of the preparation was more expressed towards phagocytosis intensity (phagocyto sis index in treated cells was 2.3 times lower than that in the untreated cells), whereas in normoxic PMs NSC631570 largely (by 2 times) reduced a number of phagocyting cells.
As for HMGB1 release, we have found that its level in the culture supernatants of hypoxic cells treated with NSC631570 was significantly higher than that in untreated cells and than that in the cells treated with LPS. Used in combination with LPS, the preparation also increased alarmin release. The levels of HMGB1 in the cell probes treated with NSC 631570 in combi release by PMs. Release of HMGB1 was assessed in the cell culture supernatant by ELISA. All results are expressed as mean ± SD of three independent experiments. * P < 0.05 was considered significant compared to untreated hypoxic cells as analysed by unpaired Student's t test Vol. 47 No. 5 2013 nation with LPS were higher than those in superna tants of cells treated with these drugs separately. It indicates synergistic effect of NSC631570 and LPS on alarmin release by alternatively polarized hypoxic macrophages.
CONCLUSIONS
NSC631570 repolarized arginine metabolism of alternatively polarized hypoxic macrophages and acti vated their pro-inflammatory functions: recovered ROS production and increased alarmin release. According to earlier publications [24] [25] [26] [27] , NSC631570 has an ability to be selectively accumulated in tumor tissues, where TAMs (cells alternatively polarized by tumor microenvironment including tumor-associ ated hypoxia) may constitute up to 80% of the total stromal leucocyte population. Therefore we cannot rule out the possibility that the preparation can influ ence TAM functions and recover their antitumor potential. Effect of hypoxia on functional polarization of murine peritoneal macrophages depended on the duration of exposure. Only 42 h hypoxia caused alter native polarization of murine PMs with reliable argin ase dominant. Alternative polarization of arginine metabolism was accompanied by significant decrease of intracellular and extracellular ROS production, slight reduction of alarmins and moderate lowering of phagocytic activity of hypoxic cells. Our findings pro vide new insight on the mechanisms of NSC631570 antitumor effect and suggest that the preparation not only kills tumor cells but also has an ability to restore the role of TAMs in antitumor defence.
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